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(54) A method ol growing a semiconductor layer 

(57) A method of growing a nitride semtoonductor 
layer enables a high-quality GaN layer to be grown on 
a GaN substrate. A GaN substrate Is placed In the 
growth chamber of a MBE apparatus, and Is heated to 
a temperature of at least 650*C (a). The supply of am- 
monia gas to the growth chamber is started during this 
step, before the substrate temperature has reached 
800*0. This creates an overpressure of ammonia at the 
surface of the substrate, and so. prevents thermal de- 
composition of the substrate. 

The substrate Is then baked for up to 30 minutes 
(b). This removes contaminants from the surface of the 
substrate. 



A nitride semk^onductor layer Is then grown on the 
substrate by MBE (c). The substrate temperature during 
the groyvtii step Is at least 850*0. 

Finally, the temperature of the substrate is reduced 
to B00*C or below (d). The supply of ammonia gas to 
the substrate Is maintained during this cooling step, at 
least until the substrate temperature has fallen below 
BOO*C. 

The present Invention may be used with a free- 
standing GaN substrate or with a template GaN sub- 
strate. The invention may be used to grow a doped ni- 
tride semkfonductor layer or a non-intentionaliy doped 
riitride semiconductor layer. 
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Description 

[0001] This invention relates to a molecular beam epi- 
taxy (MBE) method for the epitaxial growth of Group 111 
nitride semiconductor materials such as, for example, 
GaN or other members of the (Ga,Al.ln)N material fam- 
ily. 

[0002] The epitaxial growth of Group 111 nitride semi- 
conductor materials on a sut)strate can be effected by 
molecular beam epitaxy (MBE) or by chemical vapour 
deposition (CVD) which is sometimes known as Vapour 
Phase Epitaxy (VPE). 

[0003] CVD (or VPE) takes place in an apparatus 
which is commonly at atmospheric pressure but some- 
times at a slightly reduced pressure of typk^lly about 
10 kPa. Ammonia and the species providing one or 
more Group III elements to be used in epttaxiat growth 
are supplied substantially parallel to the surface of a 
substrate upon which epitaxial growth Is to take place, 
thus fomning a boundary layer adjacent to and flowing 
across the substrate surface. It Is in this gaseous bound- 
ary layer that decomposltton to forni nitrogen and the 
other elements to.be epitaxially deposited takes place 
so that the epitiaxlat growth is drh^en by gas phase equi- 
libria. 

[0004] - In contrast to CVD, MBE Is carried out In a high 
vacuum environment. In the case of MBE as applied to 
the GaN system, an uttra-high vacuum (UHV) environr 
ment, typk:ally around 1 x Kf® Pa, Is used. Arnmonlapr 
another nitrogen precursor is supplied to the MBE 
chamber by means of a supply conduit and a species 
providing gatliuni and, possibly, indium and/or alumini- 
um are supplied from appropriate sources within heated 
Effusion cells fitted with controllable shutters to control 
the amounts of the species supplied into the MBE cham- 
ber during the epitaxial growth period. The shutter-con- 
trol outlets from the effusion cells and the nitrogen sup- 
ply conduit face the surface of the substrate upon which 
epitaxial growth Is to take place. The ammonia and the 
species supplied from the effusion ceils travel across thie 
MBE chamber and reach the substrate where epitaxial 
growth takes place In a manner which is driven by the 
deposition kinetics. 

[0005] . At present, the majority of growth of high qual- 
ity GaN layerlB .is carried otit using the metal-organic 
chemical vapour deposition (MOCVD) process. The 
MCX)VD process allows good control of the growth of 
the nucleation layer and of the annealing of the nuclea- 
tk>n layer Furthennore, the MOCVD process allows 
growth to occur at a V/ill ratio well in excess of 1000:1 . 
The V/iil ratio is the molar ratio of the group V element 
to the Group III element during the growth process. A 
high V/lll ratio is preferable, since this allows a higher 
substrate temperature to be used which In turn leads to 
a higher quality GaN layiBr. 

[0006] At present, growing high quality GaN layers by 
MBE Is more difRcutt than growing such layers by 
MCX)VD. The principal diffteulty Is in supplying sufficient 
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nitrogen during the growth process; it is difficult to obtain 
a V/lll ratio of 10:1. or greater. The two commonly used 
sources of nitrogen In the MBE growth of nitride layers 
are plasma excited molecular nitrogen or ammonia. 

s [0007] GaN has a lattice constant of around 0.45nm. 
There is a lack of suitable substrates that are latttee- 
matched to GaN, so GaN is generally grown onto either 
a sapphire substrate or a silicon cari^lde substrate. 
There Is a large mis-match between the latttee constant 

10 of GaN and the lattice constant of sapphire or silicon 
cariside, and there is also a considerable difference in 
thennal properties, such as the themnal expansion co- 
efTicient, between the GaN layer and the substrate . It is 
therefore necessary to provide a thin initial nucleation 

IS layer on ti)e substrate In order to grow a high quality 
GaN layer on sapphire or silicon carislde. 
[0008] I. AkasakI and I. Amanp report, In "Japanese 
Joumal of Applied Physics" Vol. 36. pp5393 - 5408 
(1 997), that a thin A1 N layer, deposited at a tow growth 

^ temperature, can be used as a nucieatton layer to pro- 
mote the growtfi of a GaKl layer t)y metal organic chem^ 
k:al vapour deposition (MOCVD) process oh a sapphire 
or silicon carbide substrate. US Piatent No. 5 290 393 
discloses the use of a GaN nucleation layer, again de- 

25 posited at a low growth temperature, for promoting the 
growth of a GaN layer using MOCVD. 
[0009] US Patent No. 5 385 862 discloses a further 
method of growing a single crystal GaN film on a sap- 
phire substrate using MBE. In this method, a nucleation 

30 layer is grown on the substrate at a growth temperature 
of 400*C or tower. Furthennore, the V/ill ratio of this 
method is very srnali, being less than 5:1, so that the 
subsequent GaN layer is restricted to a growth ternper- 
ature isf lower than $00*6. GaN layers grown by this 

35 method have electron mobilities at robni temperature of 
less than lOOcm^V^V^. 

[001 0] Further prior art methods of growing GaN on a 
sapphire or silicon cart^ide substrate are reported by Z. 
Yang et al In "Applied Phystos Letters" Vol 67, pp1686 - 

40 l 688(19g5).andbyN.GrandJeanetalln"ApplledPhys- 
fcs Letters" Vol 71 , p240- 242 (1997). In both of these 
methods a GaN nucleatton layer Is Inltlaliy grown on the 
substrate, aftior which the GaN layer Is grown. 
[0011] Although the provlslor) of a nucleation layer 

45 does reduce the effect of the latttoe aind thennal mis* 
. match between a GaN layer and a sapphire, or siltoon 
carbide substrate, the effects of the lattice and themnal 
mis-match are not eliminated completely. Moreover it is 
difftoult and time-consuming to optimise the nucleation 

50 layer so as to obtain the highest possible quality GaN, 
and ttie step of growing the nucleation layer adds to the 
compifloclty of the growtti process. It is accordingly de* 
sirable to use a GaN suk>strate for the growth of an epi- 
taxial GiaN layer. 

55 [0012] A GaN substrate for use In the epitaxial growtii 
of GaN can have two possible fomrs - a GaN substrate 
can be a "free-standing" substrate or a "template" sub- 
strate. A free-standing GaN substrate consists solely of 
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GaN, and is formed by, for example, a GaN crystal. A 
template GaN substrate consists of a thidc epitaxial lay- 
er of GaN grown on a base substrate of, for example, 
sapphire or silicon carbide. The thick epitaxial layer is 
grown on the base substrate by any suitable technique, s 
such as metal-organic vapour phase epitaxy (MOVPE) 
or hydride vapour phase epitaxy (IHVPE). Compared 
with the nucleation layers mentioned above, the epitax- 
ial layer of a GaN template substrate is much thicker 
than a nucleation layer, for example having a thickness 
in the range 5p.m-100jim. 

[0013] M. Kamp et al report, in "Mat Res Soc Proc", 
Vol 449, p1 61 (1 997), the growth of a GaN layer by MBE 
on a free-standing GaN substrate. They obtain good 
quality GaN, having a photolumlnescence (PL) llnewldth 
with a FWIHM of 0.5meV and a dislocation density in the 
range 1 02 to 1 0^ cm*2. However, Kamp et al achieve a 
growth temperature of only 750^C. 
[0014] WO 97/13891 discbses a method of epitaxial 
growth of a nitride semiconductor layer (GaN or Ga(AI, 
ln)N) on a single cr^tal GaN or Ga(Al,ln)N. this docu- 
ment is primarily directed to the way in which the sub- 
strate is produced, and teaches disposing a solution of 
Ga or Ga,AI,ln in a heated nitrogen atmosphere so as 
to. grow a bulk crystal of GiaN or Ga(AI,ln)N. 
[0015] Once the bulk crystal has been grown, it is 
used as the substrate In an epitaxial growth process. 
The document speculates that it would be possible to 
grow an epitaxial layer on the substrate by MBE In the 
temperature mnge 500-900**C however, the document 
contains no teaching as to how an MBE growth temper- 
ature for GaN of 900*0 couki be achieved. . 
[0016] The growth of GaN on a GaN template sub- 
strate has been reported by, for example, W.G. Hughes 
et al in "J.Vac. Sci. Technol B" Vol. 13, pi571 (1995). In 
this report, GaN Is grown by MBE with plasma excited 
molecular nitrogen used as the source of nitrogen for 
the MBE growth process. Other reports of the MBE 
growth of GaN on a GaN template substrate have been 
made by E.J. Tarsa et al In "Journal of Applied Physics", 
Vol 82, p5472 (1997); by H. Sakal et al In "Japanese 
Journal of Applied Physics", Vol. 34. LI 429 (1995); by 
M A, Sancfhez-Garcia et al in "Phys. Stat S6l.(a)'', Vol. 
176. p447 (1999); by S. KuIbI et al bi 'Phys. Stat. Sol. 
(a)-, Vol. 176. p459 (1999); futd by A. RInta-Moykky et 
al In -Phys. Stat. Sol.(a)". Vol. 1 76. p465 (1999) In each 
of these reports, plasma excited molecular nitrogen was 
used as the source of nitrogen for the MBE growth proc- 
ess. 

[QOI 7] A first aspect of the present inventlon prpvldes 
ai method of growing a nitride semiconductor layer by 
molecular beam epitaxy (MBE) comprising the steps of: 
heating a GaN substrate disposed In a growth chaniber 
to a substrate temperature of at least 850*0; and grow- 
ing a nitrkie semiconductor layer on the GaN substrate 
by molecular beam epitaxy at a substrate temperature 
of at least 850*0. amnnonia gas being stippDjsd to the 
growth chamber during the growth of the nitride semi- 



conductor layer; wherein the method comprises the fur- 
ther step of commencing the supply ammonia gas to the 
growth chamber during step (a), before the substrate 
temperature reaches 800*C. The present Invention thus 
provides a method of growing a high quality layer of a 
nitride semiconductor by MBE. Commencing the supply 
of ammonia gas to the substrate during the step of heat- 
ing the substrate, before the substrate temperature 
reaches 800*C, prevents themial decomposition of the 
substrate (which would othenvise occur at substrate 
temperatures above 800*C). 

[0018] The substrate temperature during the growth 
of the riitride semteonductor layer may be in the range 
85b*Oto1050*O. 

[001 9] The method may comprise the further step of 
reducing the substrate temperatu re to a temperature be- 
low 800*0 after the nitride semiconductor layer has 
been grown while maintaining the supply of amrnonia 
gas to the growth chamber. 

{0620] . the method may comprise the further step of 
. maintaining the substrate at a substrate temperature 
greater than 8i50*C for a predetenninecl time before 
growing the nitride semiconductor layer, ammonia gas 
being supplied to the growth chamber during the prede- 
termined time. This allows the substrate to be out- 
gassed, thereby renfwving Impurities frorh the substrate 
before the start of the growth process. 
[0021 ] The substrate.temperature may be maintained 
in the range 850*0 to 1 050*0 during the predetermined 
time. 

[P.022I The predetemnlned time may be 30 minutes or 

less! 

[0023] Ammonia gas may be supplied to the growth 
chamber during the entire duration of step (a). 
[0024] The nitride semksonductor layer may be a GaN 
layer. The substrate may be a free-standing GaN sub- 
strate, or It rnay alternatively be a GaN template sub- 
strate. The use pf a GaN substrate eliminates the lattice 
arid thennal mis-match that occurs when, for example, 
a GaN layer Is grown ori a sapphire or silicon carbide 
substrate. 

[0025] The method may comprise the further step of 
growing at least one (AI,Ga.ln)N semiconductor layer 
. on the nitride senllconductor layer. Thus, the present In-, 
vention enables a high-quality (A|.Galn)N electronic or 
opto-electforik: devk:e to be manufactured. 
[0026] A second aspect of the Invention provides a ni- 
tride semiconductor layer grown by a method as defined 
above. 

[0027] A third aspect of the prjBsent invention defines 
a semiconductor device comprteing a nitride semicon- 
ductor layer as defined above. 
[0028] Preferred embodiments of the present Inven- 
tion will now be described by way of an Illustrative ex- 
ample with, reference to the accompanying figures 
whkJh: 

Figure 1 Is a schematic illustration of a 8ut)8trete 



15 



20 



25 



30 



35 



40 



45 



50 



EP1 164 210 A2 



temperature against time during a growth process 
according to one embodiment of the present inven- 
tion; 

Figure 2 is a transmission electron micrograph 
showing the cross section of a layer of GaN grown 
on a GaN template substrate by a method of the 
present invention; 

Figure 3 shows a photoluminescence spectrum of 
a non-intentionalty doped GaN layer grown on a 
GaN template substrate by a method pf the present 
invention; and 

Figure 4 is a schematic diagram of an example of 
an MBE apparatus suitable for putting the present 
invention Into effect. 

[0029] One example of a growth method according to 
the present invention, iilustrating the growth of a GaN 
layer will now be described. 

[0030] A suitable substrate Is prepared in any conven- 
tional manner, and Is introduced into the growth cham- 
ber of a MBE apparatus. The substrate Is preferably a 
free-standing GaN substrate, but a GaN template sub- 
strate could also be used. As explained above GaN tem- 
plate substrate consists of a relatively thick epitaxial 
GaN layer (for exarnple having a thickn(ess In the range 
5\im to 100(im) grown on a base substrate. The base 
substrate may be, for example sapphire, silicon carbide, 
silicon, zinc oxide, or nuignesium oxide. 
[0031] In the rhethod of the present invention, the 
MBE growth of a nitride semiconductor layer on a GaN 
substrate is carried out at a tennperature of 850*C or 
greater, it is possible to achieve such a high growth tem- 
perature because the present irivehtion can achieve a 
V/lll ratio of up to ajpproxImatBly 5,000. 
[0032] in practice, the coristralnts of the MBE e<iuip- 
ment used have been found to limit the growth temper- 
ature obtainable to a maximum of approximately 
1,050^0. Although a method of the present inverition 
could In principle obtalri a higher growtti temperature 
than this, a maximum growth temperature of 1 ,050*C is 
acceptable since It corresporids to the maximum growth 
temperature obtainable by an MOCVD process for 
growing a nltrld4 semiconductor layer. 
[0033] in the rnethod of the ihvenjtton, the substrate Is 
initially heated up to a pn9-determined temperature! of at 
least 850*C. As noted above, the maxinfium tempera* 
ture achievable in practice Is likely to be in the order of 
1 ,050^0. This Is shown as step (a) In Rgure 1 . 
[0034] The rate at which the temperature of the sub- 
strate is increased shouki not be so great that an uneven 
temperature distribution might occur In the substrate, 
since this would set up thennal stresses in the substrate. 
A temperature ramp rate in the range of iO-120*C per 
minute has been found to be. suitable. 
[003^ GaN tends to decompose when It Is . heated. 



The temperature at whk:h GaN starts to decompose is 
pressure-dependent, and under vacuum conditions the 
temperature at whfch decomposition starts is in the 
range 750^0 to SOO^'C. This decomposition can be pre- 

5 vented by supplying nitrogen gas or ammonia gas to the 
growth chamt)ersothat an overpressure of nitrogen gas 
or ammonia gas exists at the surface of the GaN sub- 
strate. According to the invention, therefore, ammonia 
gas is supplied to the growth chamber so as to establish 

10 and maintain an overpressure of nitrogen gas or ammo- 
nia gas at the surface of the GaN substrate at temper- 
atures where the substrate is liable to decompose, and 
thus prevent tiiennal decomposition of the substrate. 
This Is achieved by commencing supplying ammonia 

15 gas to the growth chamber during step (a) of heating the 
substrate, before the substrate temperature has 
reached 800*0. 

[0036] In prlndpie ammonia gas does not need to be 
supplied to the growth chamber when the substrate tem- 

20 perature is substantially below 800^C, since decompo- 
sition of the substrate does not occur at these temper- 
atures. In practice, however, it may be more convenierit 
to supply the amnionia gas to the growth charnber for 
the entire duriatlon of the heating step. In a preferred 

25 embodiment of the Invention therefore, ammonia gas is 
supplied to tiie growth chanriber for the entire duration 
of the heating step (a), so that an overpressure of ani- 
monla gas exists at the surface of the substrate for the 
entire duratton of the heating step. Altematiyeiy, the sup- 

30 ply of ammonia gas to the growth chamber may be start- 
ed during the heating step but at a substrate tempera- 
ture lower than 600*0. For example, the supply oif am- 
monia gas to the growth chamber may be started before 
the substrate temperature reaches the lower end of the 

35 temperature range iri which.the onset of decomposition . 
occurs (le, More the: substrate ten^rature reaches. 
750*0) or It may be started at a substrate temperature 
bek>w this to provide a margin of error. 
[0037] Once tfie substrate temperature has reached 

40 the desired valub, the isubstrate Is maintained at this 
temperature to bake the substrate, to remove contami- 
nants from the substrate. This is step (b) in Rgure 1. In 
Figure 1 the baking step has a duration of slightly o^er 
5 minuteis, but the duratton of the baking step may be 

45 up to 30 minutes. 

[0038] The supply of ammonia gas to the growth 
. chamber is maintained during the baking step, to pre- 
vent the thenfnal decomposition of the GaN (substrate. 
Supplying ammonia gas also promotes this removal of 

50 contaminants from the surface of the substrate during 
tiie baking step, and achieves nitridation of the surface 
of the substrate. 

[0039] Once the thennal baking step has been com- 
pleted, a GaN layer Is grown by molecular beam epitaxy 
55 onto the substrate. As noted above, anrunbnia gas is al- 
ready being suppDed to the substrate, and this will act 
as a souroia of nitrogen for the MBE growth process. 
Thus, in order to start the MBE growth, It Is necessary 
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only to provide a source of gallium. Once gallium is sup- 
plied to the growth chamber, MBE growth of a GaN film 
on the substrate will occur. 

[0040] In this embodiment, gallium for the MBE 
growth process is supplied by a beam of elemental gal- 
lium having a beam equivalent pressure in the range 1 
X 1 0-B to 1 X 1 0-s mbar. A suitable beam equivalent pres- 
sure for the supply of ammonia gas during the growth 
process is between 1x10-^ and 1 x 1 0"2 mbar. The same 
beam equivalent pressure of ammonia can be used In 
the baking step as in the growth step, although it is not 
essential to use the same beam equivalent pressure in 
the baking and growth steps. 
[0041 ] The MBE growth step is step (c) in Rgure 1 . 
[0042] Once the GaN layer has been grown to a de- 
sired thickness, the MBE growth process Is stopped by 
stopping the supply of elemental gallium to the growth 
chamber. The substrate is then cooled, and this, is 
shown as step (d) in Figure- 1 . The supply of ammonia 
gas to the substrate Is continuekl while the substrate 
temperature is reduced In step (d), at least until the tem- 
perature of the substrate has fallen to below 800*0, to 
prevent the thermal decomposition of the GaN. In prac: 
tice it may be more convenient to supply arpmonia gas 
to the growth chamberfor the entire duration of the cool- 
down step (d). Altematively, the supply of ammonia gas 
to the growth chamber could be discontinued during the 
cooi-down step, for example when the substrate tem- 
perature has fallen to 750*0 or to a k>wer temperature. 
[0043] Tbe temperature ramp rate during the step of 
cooling the substrate must again be chosen to prevent 
setting up any undue thermal stresses within the sub* . 
strate, or between the substrate and the GaN layer. A 
temperature ramp rate in the rarige of 10-120*0 per 
minute has again been found to be suitable. 
[0044] The V/lll molar ratib during the growth of the 
GaN layer is preferably greater than 10:1 , and is prefer- 
ably less than 5,000:1 . Although a V/lll molar ratio great- 
er than 5,000:1 could In principle be used, it has beisn 
found that the growth rate is slow If the growth is canied 
out at a V/lll molar ratio significantly above 5,000:1. It 
appears that a V/lll molar ratio of around 5,o60:1 is the 
maximum that can be achiiaved while still provkfing a 
growth rate in the range of approxlmately.0.5 to 1.0 |im/ 
hour. This high V/lll molar ratio allows the GaN layer to 
be grown at a temperature of 850*0 or greater, whteh Is 
a significantly higher temperature than used In prtor art 
MBE growth of GaN. Because the present invention en- 
ables a higher growth temperature to be used, the qual- 
ity of the resultant GaN layer Is Improved. 
[0045] Figure 2 shows the transmission electron mi- 
croscope image of the cross-section of a GaN layer 
grown using a method of the present invention. Rgure 
2 shows the cross-section of a non-lntentionaity doped 
GaN layer that hias a thickness of Siim, cmd that wias 
grown onto a GaN template aubstratei The density of 
threading distocattons In the (QaN layer Is approximately 
1 X lO^orrS. This compares with a typical density of 



threading dislocations In GaN grown by MOCVO of ap- 
proximately 10® to 10^°cm-2, as reported by Akasaki et 
al (above). 

[0046] The density of threading dislocations in the 
material of Figure 2 is significantly lower than in samples 
of GaN grown by a conventional MBE. For example, 
Grandjean et al (above) report a threading dislocation 
density in their MBE grown GaN of greater than 5 x 
109cm-2. 

[0047] The free carrier concentration and the electron 
mobility of GaN layers grown using a method of the 
present Invention have been measured using room tem- 
perature Hall Effect Measurements. It is found that a 
non-intentionaily doped GaN film grown by a MBE meth- 
od of the invention typically has an n-type free canler 
concentration of less than 3 x 1 0^Scm-^ and an electron 
mobility of greater than SOOcm^ V-^s'V These results 
compare favourably with the carrier concentration and 
electron mobility achieved in typical GaN layers, grown, 
using a conventional MOOVD growth method. 
[0048] Figure 3 shows a photoluminescence (PL) 
spectrunm of a layeir of non-intentionalty doped GaN 
grown using a MBE growth process of the present in- 
vention. It will be cfeen that the spectrum is domjnated 
by near band edge emission and contains a free exciton 
peak. The PL spectrum of Figure 3 Is indk»tive of a high 
quality GaN layer. 

[0049] the surface of a GaN layer grown by the meth- 
od of the present invention has been found to be very 
smooth. The roughness nriay be measured using an 
atomic force microscope, and tills shows that the RMS 
(root mean squcfre). roughness of the suiface is oif the 
order of Inm. 

[0050] The use of a h|gh V/ilt ratio during the growth 
process of the present invention allows a nitride semi- 
conductor layer to be grown at temperatures well above 
those used in prior art MBE methods. This leads to im- 
proved material quality! The MBE growth process of the 
present Inyeintlon requires at least one thousand times 
less anrvnonla gas than does a cbnventlonkl MOOVD 
process. 

[0051] The present Inveritlon requires a MBE growth 
apparatus that can abhieveaV/ill ratio of more than 'lo: 
1 during the growth process. Such high V/ill ratios can 
be achieved, for example, in a MBE growth apparatus 
in which amnwnia gas is introduced into the growth 
chamber through a conduit whose outlet end is placed 
as close to the substrate as possible without radiative 
heat from the substrate cc^using excessive local heating 
of the outlet of the supply conduit The elerhental gallium 
is introduced Into the growth charnber using a conven- 
tional effusion cell. Further effuston cells can be used to 
supply aluminium and/or indium and/or a elemental do- 
pant for Incorporation Into the epitaxial growth material 
S5 as necessary. 

({00521 Figure 4 Is a schematic view of an apparatus 
suitable for the growth of a nitride eemloonductor miate- 
rlal by molecular beam epitaxy according to a method 
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of the present Invention. The apparatus conriprises a 
growth chamber 10 in which is disposed a heated sup- 
port 12 arranged to support and heat a substrate S. The 
growth chamber 1 0 is connected with an uttra-high vac- 
uum pump 1 4 via an exhaust conduit 1 6 which extends 
into the growth chamber 10. The inner end of the ex- 
haust conduit 16 defines a vacuum outlet 18 of the 
growth chamber 10. The vacuum outlet 18 Is disposed 
adjacent to the substrate support 12. 
[0053] The growth chamber 1 0 is further provided with 
a first supply conduit 20 which extends into the growth 
chamber so that an outlet 22 of the first supply conduit . 
20 Is adjacent to and faces the surface of the substrate 
S upon which epitaxial growth is to tal<e place. The first 
supply conduit 20 can be adjustably mounted relative to 
the chamber so that the relatively smaji distance be- 
tween the outlet 22 of the first supply conduit 20 and the 
epitaxial growth surface of the substrate S can be varied 
during the epitaxial growth process. The longitudinal axr 
Is of the first supply conduit 20 is substantially perpen- 
dicular to the plane of epitaxial growth. 
[0054] The first supply conduit 20 is used to supply 
ammonia which |s the precursor of the nitrogen required 
in the epitaxial growth, process. BiDcause the outlet 22 
of the f tfst supply conduit 20 Is positioned relatively close 
to the substiBte S, a relatively high ammonia vapour 
prjBssure is localised at the surface of the epltaxlalty 
growing material wtille still enabling an ultra-high vacu- 
uni environment within the grpwth chamber 10, to be 
achleved by the pump 14. The high ammonia vapour 
pressure enables a high V/lll ratio to be realised during 
the growth process. 

[0055] Ihe apparatus further comprises independent- 
ly operable, shutter-controlled effusion cells 24, 26 (two 
such cells are shown in.Figure:4) which contain sources 
of elemental gallium and another element (for example, 
alumirilum, indium or a dopant) which may be required 
during the epitaxial growth process. The effusion cells 
24 and 26 are conventionally positioned and define sec- 
ond and further supply conduits respectively 
[0056] An MBE apparatus of the type described 
ab€fve Is described In Europeian Patent Appllcatioh No. 
98301842.5, the contents of whteh are hereby Incorpo- 
rated by reference. It should be noted, however, that the 
present Invention is not limited to a MBE apparatus of 
the type described In European Patent Applicattoh No. 
98301842.5/ 0 864 672, but be carried out in any 
MBE growth apparatus that can provide the required V/ 
lllratio. 

[0057] Although the embiodiment described above re- 
lates to the growth of a GaN layer, the invention Is not 
limited to this, but can be uised for the growth of other 
nitride semiconductor layers such as, for example, 
Ga^Alt^N, Gayln^^ or GaxAlyln|.x^.. 
[0058] In the embodlrnem described above, the GaN 
layer that Is grown Is not Intentionally doped. It Is, how- 
ever, possible to dope the GaN layer by Introducing a 
suitable dopant during the MBE growth process, In a 



manner which Is well known per se. Suitable dopants 
include, for example, silicon, tin, gemianium, calcium, 
carison, beryllium and indium. 
[0059] Once the nitride semiconductor layer has been 

5 grown by a molecular beam epitaxy method of the 
present invention, further semiconductor layers can be 
grown so as to produce an (AI,Ga,ln)N electronic or op- 
to-electronic device. For example, a GaN layer grown 
by a method of the present Invention can be used as the 

10 basis for a laser device emitting light In the wavelength 
range 380-450 nm. 



Claims 

15 

1 . A nriethod of growing a nitride semiconductor layer 
by molecular beam epitaxy comprising the steips of : 

a) heating a GaN 8ut>strate (S) disposed In a 
20 growth chamber (10) to a substrate tempera- 
ture of at least 850*C; and 

b) growing a nitride semiconductor layer on the 
GaN substrate by molecular beam epitaxy at a 
substrate temperature of at least 850*C. am- 

25 monia gas being supplied to the growth cham- 

ber (1 0) during the growth of this nitride semi- 
conductor layer, 

wherein the niethod coriijarises the further 
30 step of convfiehcing the supply amnionia gas to the. 
growth chamber during step (a), before the sub- 
. Qtrate teniperature has reached 80(^^ 

2. A method as claimed in claim 1 , wherein the sub- 
35 strate temperature during the growth of. the nitride 

setnlcoriductor layer Is In the iknge 850*0 to 
10S0X. 

3. A method as clalnoed In claim 1 or 2 and pomptising 
40 the further step of reducing the substrate tempera- . 

ture to a temperature below 800?.C after the nitride 
semiconductor layer has been grown while main- 
taining, the supply of ammoi)la gas to the growth . 
chanfiber. . 

45 : 

4. A method as claimed In any preceding dalm, and 
comprising the further step of maintaining the sub- 
strate iat a substrate, temperature greater than 
850*0 for a pr^etermjned tinne bef ore growing the 

80 nitride semiconductor layer, ammonia gas being 
supplied to the growth chaniber during the prede- 
. termlned time. 

5. A rnethod as claimed in claim 4 wherein the sub- 
55 8trateternperiaurelsmalritainedintherange850*C 

te 1050*0 during the predetemilned time. 

6. A method eis claimed In claim 4 or 5 wherein the 
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predetenmined time is 30 minutes or less. 



7. A method as cialmed in any preceding claim where* 
in ammonia gas is supplied to the growth chamber 
during the entire duration of step (a). s 

8. A method as claimed in any preceding claim where- 
in the nitride semiconductor layer Is a GaN layer. 

9. A method as claimed In any preceding claim where- io 
in the substrate is a free-standing GaN substrate. 

10. A method as claimed in any of claims 1 to 8 wherein 
the substrate is a template GaN substrate. 

11. A method as claimed in any preceding claim and 
comprising the further step of growing at least one 
(AI,Ga,in)N semiconductor layer ori the nitride sem- 
iconductor layer. 

12. A nitride semiconductor layer grown by a method 
. defined In any of cjaims 1 to 1 0. 

13. A semiconductor device comprising a nitride semi- 
conductor layer as defined in claim 12. . 25 
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